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ANALOG 
DEVICES 



3.3 Vto 5 V Quad/Octal 10- Bit DACs 



AD7804/AD7805/AD7808/AD7809' 



FEATURES 

Four 10-Bit DACs in One Paclcage 

Serial and Parallel Loading Facilities Available 

AD7804 Quad 10-Bit Serial Loading 

AD7805 Quad 10-Bit Parallel Loading 

AD7808 Octal 10-Bit Serial Loading 

AD7809 Octal 10-Bit Parallel Loading 
3.3 Vto 5 V Operation 
Power-Down Mode 
Power-On Reset 

Standby Mode (All DACs/ individual DACs) 

Low Power All CMOS Constmction 

lO-Bit Resolution 

Double Buffered DAC Registers 

Dual External Reference Capability 

APPLICATIONS 
Optical Disk Drives 

Instrumentation and Communication Systems 
Process Control and Voltage Setpoint Control 
Trim Potentiometer Replacement 
Automatic Calibration 

GENERAL DESCRIPTION 

T he A D 7804/A D 7808 are quad/octal 10-bit digital-to-analog convert- 
ers, with seriai ioad capabiiities, whiietheAD7805/AD7809 arequad/ 
octai 10-bit digitai-to-anaiog converters with paraiiei ioad capabiiities. 
These parts operate from a +3.3 V to +5 V (±10%) power suppiy and 
incorporates an on-chip reference These DACs provide output signais 
in the form of Vbia5± Vswing- Vswing isderived internaiiyfrom Vbias. 
n-chip controi registers inciude a system controi register and channel 
controi registers The system controi register has controi overaii DACs 
in thepaci<age. Thechannd control registers allow individual control 
of DACs. T he complete transfer function of each individual DAC can 
be shifted around the Vbias point using an on-chip Sub D AC . All 
DACs contain double buffered data inputs, whicli allow all an alog 
outputs to be simultaneously updated using the asynchronousLDAC 
input. 



Conta'ol 
Features 



Hardware Clear 
System C ontrol 

Power Down* 
System Standby** 
System Clear 
Input Coding 
C hannel C ontrol 
Channel Standby** 
Channel Clear 
Vbias 



Channels 
Controlled 



All 
All 
All 
All 

Selective 
Selective 
Selective 



Main 
DAC 



V 

V 
V 
V 
V 

V 
V 
V 



Sub 
DAC 



V 

V 
V 

V 

V 
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*Power-down function powers down all internal circuitry including the reference 
**Standby functions power down all circuitry except for the reference. 
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Information furnished by Analog Devices is believed to be accurate and 
reliable. However, no responsibility is assumed by Analog Devices for its 
use, nor for any infringements of patents or other rights of third parties 
which may result from its use. No license is granted by implication or 
otherwise under any patent or patent rights of Analog Devices. 



FUNCTIONAL BLOCK DIAGRAMS 



AVqd DVqq agnd dgnd 



REFOUT Q- 
REFIN 



AD7804/ . , 
AD7808 P^^oi 







INPUT SHIFT 
REGISTER & 
CONTROL LOGIC 



VqutC 



ONLY AD7804 SHOWN FOR CLARITY CLR LDAC 

*SHOWS ADDITIONAL CHANNELS ON THE AD7808 
"PIN ON THE AD7808 ONLY 



AV[jD DV[jD AGND DGND 



REFOUT 

REFIN 



AD7805/ 
AD7809 U^Y^oi 








VoutH- 



MODE AO A1 A2" DB9 DB2 DB1 DBO CLR LDAC 



ONLY AD7B05 SHOWN FOR CLARITY 
'SHOWS ADDITIONAL CHANNELS ON THE AD7809 
"PIN ON THE AD7809 ONLY 



'Patent pending. 
Page I ndex on Page 26. 
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AD7804/AD7805- SP ECl F I CATI ONS (AVdd and DVdd = 3.3 V ± 10% to 5 V ± 10% ; AGND = DGND = V; 

Reference = Internal Reference; Cl= 100 pF; Rl= 2 kiito GND, SubDAC at Midscale. All specifications Tmin to Tmax unless otherwise noted.) 



Parameter 


B Grade^ 


C Grade^ 


Units 


C 0IT1IT1 Gilts 


STATIC PERFORMANCE 










MAIN DAC 










Resolution 


10 


10 


Bits 




Relative Accuracy 


±3 


±2 


LSB max 




Gain Error 


+3 


±3 


% FSR max 




Bias Offset Error^ 


-80/+40 


-60/+40 


mV max 


DAC Code = 0.5 Full Scale 


Zero-Scale Error' 




"^BIAS , .„ 


mV max 






16 Z+'^O 


16 




DAC Code = 000H for Offset Binary 


M onotonicity 


9 


10 


Bits 


and 200H for Twos Complement Coding 


M inimum Load Resistance 


2 


2 


i<a min 




SUB DAC 










Resolution 


8 


8 


Bits 




Differential Noniinearity 


±0.125 


±0.125 


LSB typ 


Refers to an LSB of tiie M ain DAC 




±0.5 


±0.5 


LSB max 




OUTPUT CHARACTERISTICS 










Output Voltage Range' 


Vbias± 15/16 xVbias 


Vbias± 15/16 xVbias 


V 


2s Complement Coding 




Vbias/16 to 31/16 xVbias 


Vbias/16 to 31/16 xVbias 


V 


Offset Binary Coding 


VoltageOutputSettlingTimeto 10 Bits 


4 


4 


los max 


Typically 1.5 us 


Slew Rate 






V/|js typ 




n I/iifr^l t"*^ A 1 1 i^ni i Icq 

u lyiLcii'LU'Miiciiuy vj mllii i iii|jui3c 


1 

1 


1 
1 


n\/ c f\;r^ 

11 V -b Lyp 


1 L OD L. iidiiyc Ml uuiiu Liic 1*1 cijui di 1 y 


uigiLdi r eeainr uugn 


U.J 


U.J 


c f\/f^ 

n V -5 typ 




U igiLdI L luSSLdlK 


U.J 


U.J 


c f\/T^ 

n V -5 typ 




M 1 Idl Uy iw 1 UbbLdI Is. 




±.\J.L 


1 h/n 
L Du lyp 




U L. U ULpUL 1 ril[JcUaiH,c 


L 


L 


i£ Lyp 




rower ouppiy Kejccuon Kaiio 


\J.\J\jL 


u.uu^ 


/o/ /o typ 


A\/ 4- ^(\0L 
AV DD — J-U /O 


DAC REFERENCE INPUTS 










one 1 M D rinnn 

K b r 1 IM K an ge 


l.U to VddM 


l.U to Vdd/z 


V min to V max 




Ktr IN inpULLcdKayc 




+ 1 


|JA max 


1 ypicaiiy x i nA 


DIGITAL INPUTS 










Input H igli Voltage, V|h @ Vdd = 5 V 


2.4 


2.4 


V min 




Input Higli Voltage, V|H @ Vdd =3.3V 


2.1 


2.1 


V min 




1 rtm it- 1 i-viii» \/rtH-artQ \/ \/ _ C \/ 

input LOW voiiage, v|l vdq — d v 


U.o 


U.o 


V max 




1 npuc L ow voiLdge, V|l (cp Vdd — d.d v 


U.u 


U.o 


V max 




1 nput L sakage C urr6nt 


± lU 


± lU 


|jA max 




1 nput C apacitancs 


iU 


iU 


pF max 




1 nput L ouing 


z5 Lomp/Dinary 


z5 L. omp/dinary 






REFERENCE OUTPUT 










REF OUT Output Voltage 


1.23 


1.23 


V nom 




REF OUT Error 


±8 


±8 


% max 




REF OUT Temperature Coefficient 


-100 


-100 


ppm/°C typ 




REF OUT Output Impedance 


5 


5 


kO. nom 




POWER REQUIREMENTS 










Vdd (AVdd and DVdd) 


3/5.5 


3/5.5 


V min to V max 




Idd(AIddPIusDIdd) 








Excluding Load Currents 


N ormal M ode 


12 


12 


mA max 


ViH =Vdd,V|l =DGND 


System Standby (SST BY) Mode 


250 


250 


HA 


ViH =Vdd,Vil =DGND 


Power-D own (PD) M ode 










@ +25°C 


0.8 


0.8 


|jA max 


ViH =Vdd,V|l =DGND 


Tmin-Tmax 


1.5 


1.5 


IjA max 




Power Dissipation 








Excluding Power D issipated in Load 


N ormal M ode 


66 


66 


mW max 




System Standby (SST BY) M ode 


1.38 


1.38 


mW max 




Power-Down (PD) M ode 










@ +25°C 


4.4 


4.4 


|iW max 




Tmin-Tmax 


8.25 


8.25 


|xW max 





NOTES 

^T emperature range is - 40°C to +85°C . 
^Can be minimized using the Sub DAC. 

'Vbias isthecenter of the output voltage swing and can be Vdd/2, Internal Reference or REF IN as determined by M XI and M XO in the channel control register. 
Specifications subject to change without notice. 
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AD7808/AD7809- SPECIFICAnONS (AVdd and DVdd = 3.3 V ± 10% to 5 V ± 10% ; AGND = DGND = V; 

Reference = Internal Reference; Cl = 100 pF; Rl = 2 kXl to GND. Sub DAC at MIdscale. All specifications Tmin to Tmax unless otherwise noted.) 



Parameter 


B Grade^ 


Units 


Com merits 


STATIC PERFORMANCE 








MAIN DAC 








Resolution 


10 


Bits 




Relative Accuracy 


±4 


LSB max 




Gain Error 


±3 


% FSR max 




Bias Offset Error^ 


±60 


mV max 


DAC Code = 0.5 Full Scale 


Zero-Scaie Error 


±35 


mV max 


DAC Code = OOOH for Offset Binary 


M onotonicity 


9 


Bits 


and 200H for T wos C omplement 


M inimum Load Resistance 


2 


k£2 min 


Coding 


SUB DAC 








Resolution 


8 


8 


Bits 


Differential Noniinearity 


±0.125 


LSB typ 


Refers to an LSB of the Main DAC 




±0.5 


LSB max 




OUTPUT CHARACTERISTICS 








Output Voltage Range' 


Vbias+ 15/16 xVbias 


V 


2s Complement Coding 




Vbias/16 to 31/16 xVbias 


V 


Offset Binary Coding 


Voltage Output Settling Time to 10 Bits 


4 


US max 


Typically 1.5 |js 


Slew Rate 


2.5 


V/ns typ 




Digital-to-Analog Glitcin Impulse 


1 


nV-s typ 


1 LSB Change A round the M ajor C arry 


Digital Feedttirougti 


0.5 


nV-s typ 




Digital Crosstaik 


0.5 


nV-s typ 




Anaiog Crosstaik 


±0.2 


LSB typ 




DC Output Impedance 


2 


Q typ 




Power Supply Rejection Ratio 


0.002 


%/% typ 


AVdd ± 10% 


DAC REFERENCE INPUTS 








REF IN Range 


l.OtOVDD/2 


V min to V max 




REF IN Input Leakage 


±1 


HA max 


Typically ±1 nA 


DIGITAL INPUTS 








Input H igli Voltage, V|h @ Vdd = 5 V 


2.4 


V min 




1 nputHigli Voltage, V|H @ Vdd =3.3V 


2.1 


V min 




1 nput Low Voltage, V|L @ Vdd = 5V 


0.8 


V max 




Input Low Voltage, V|l @ Vdd = 3.3 V 


0.6 


V max 




Input Leakage Current 


±10 


pA. max 




Input Capacitance 


8 


pF max 




Input Coding 


2sComp/Binary 






REFERENCE OUTPUT 








REF OUT Output Voltage 


1.23 


V nom 




REF OUT Error 


±8 


% max 




REF OUT Temperature Coefficient 


-100 


-100 


ppm/°C typ 


REF OUT Output Impedance 


5 


5 


k£2 nom 


POWER REQUIREMENTS 








Vdd (AVdd and DVdd) 


3/5.5 


3/5.5 


V min to V max 


Idd (AIdd PIusDIdd) 






Excluding Load Currents 


N ormai M ode 


18 


mA max 


ViH =Vdd,V|l =DGND 


System Standby (SSTBY) M ode 


250 


|jA max 


ViH =Vdd,Vil =DGND 


Power-Down (PD) M ode 








@ +25°C 


1 


HA max 


ViH =Vdd,V|l =DGND 


Tmin-Tmax 


3 


HA max 




Power Dissipation 






Excluding Power Dissipated in Load 


N ormal M ode 


99 


mW max 




System Standby (SSTBY) M ode 


1.38 


mW max 




Power-Down (PD) M ode 








@ -H25°C 


5.5 


|j.W max 




Tmin-Tmax 


16.5 


HW max 





NOTES 

'T emperature range is - 40°C to +85°C . 
^Can be minimized using the Sub DAC. 

^Vbias isthecenter of the output voltage swing and can be V 00/2, Internal Reference or REFIN as determined by M XI and M XO in the channel control register. 
Specifications subject to change without notice. 
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AD7804/AD7808 TIMING CHARACTERISTICS^(V„o=3.3V± 10o/oto5V±10o/o;AGND=DGND=0V;Reference = 
Internal Reference. All specifications Tmin to Tmax unless otherwise noted.) 



Parameter 


Limit at Tmini Tmax 
All Versions 


Units 


Description 


ti 


100 


ns min 


CLKIN CycieTime 


^2 




lib 11)111 


n 1^ 1 M H inh T imo 
\^ L N 1 iM n lyii 1 1 [lie 


t3 


40 


ns min 


CLKIN LowTime 


t4 


30 


ns min 


FSIN Setup Time 


ts 


30 


ns min 


Data Setup Time 


te 


5 


ns min 


Data H oid Time 




6 


ns min 


LD AC Hold Time 


ty 


90 


ns max 


FSIN Hold Time 




20 


ns min 




ts 


40 


ns min 


LDAC, CLR Pulse Width 




100 


ns min 


LDAC Setup T ime 



NOTES 

^Sample tested during initial release and after any redesign or process change that may affect this parameter. All input signals are specified with tr = tf = 5 nsand 
timed from avoltageof (V|l + V|h)/2. 



CLKIN(I) 



FSIN(I) 



SDIN(I) 



LDAC'' 



LDAC^ 



U 
t. 



i / \ / \ / \ / \ /\ / \ / \ / w 











CLR 





— ^ 


ss 



^TIMING REQUIREMENTS FOR SYNCHRONOUS LDAC UPDATE OR LDAC MAY BE TIED PERMANENTLY LOW IF REQUIRED. 
^TIMING REQUIREMENTS FOR ASYNCHRONOUS LDAC UPDATE. 



Figure 1. Timing Diagram forAD7804 and AD7808 
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AD7805/AD7809 TIMING CHARACTERISTICS^ (y^= 3.3 V± 10% to5V± 10%;AGND= DGND= OV;Reference 

= Internal Reference. All specifications Tmn to Tmax unless otherwise noted.) 



Parameter 


Limit at Tminf Tmax 
All Versions 


Unit 


Description 


ti 


25 


ns min 


M ode Valid to Write SetupTime 


t2 


4.5 


ns min 


M odeVaiid to Write Hold Time 


t3 


25 


ns min 


Address Valid to Write Setup Time 


f 

M 




ns min 


A rlr) race V/^lirl i-r\ \A/rii"Q Ul r\IH Xi ma 

AQoress Vaiiatovvrnenoiu iime 


ts 


25 


ns min 


Data Setup Time 


te 


4.5 


ns min 


Data Hold Time 


teA 


6 


ns min 


LDAC Valid to Write H old T ime 


t7 


40 


ns min 


Ciiip Select to Write Setup T ime 


t8 





ns min 


Ciiip Select to Write H old T ime 


tg 


40 


ns min 


Write Pulse Widtii 


tio 


100 


ns min 


T ime Between Successive Writes 


til 


40 


ns min 


LDAC, CLR Pulse Widtii 


tl2 


100 


ns min 


Write to LDAC SetupTime 



NOTE 

^Sample tested during initial reiease and after any redesign or process ciiange that may affect ttiis parameter. Aii input signais are specified with tr = tf = 5 ns and 
timed from avoitageof (Vil + Vih)/2. 



MODE 



X 



AO, A1,A2 



X 



X 



cs 



LDAC'' 



X 



A r 



LDAC^ 



CLR 



^timing requirements for synchronous ldac update or ldac may be tied permanently low if required. 
Aiming requirements for asynchronous ldac update. 



Figure 2. Timing Diagram for AD7805/AD7809 Paraiiei Write 
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ABSOLUTE MAXIMUM RATINGS^ 

(T A = +25°C unless otherwise noted) 

DVootoDGND -0.3 V to +7 V 

AVdd toAGND -0.3 V to +7 V 

AGND toDGND -0.3 V + 0.3 V 

Digital Input Voltage to DGND .... -0.3 V to DVdd + 0.3 V 

Analog I nput Voltage to AG N D -0.3 V to AVdd + 0.3 V 

COM P to AGND -0.3 V to AVdd + 0.3 V 

REFOUTtoAGND -0.3 V to +AVdd 

REFINtoAGND -0.3 V to AVdd + 0.3 V 

VourtoAGND^ -0.3 V to AVdd + 0.3 V 

Input Current to Any Pin Except Supplies^ ±10 mA 

perating T emperature Range 

AD7804/AD7805 Commercial Plastic 
(B, C Versions) -40°C to +85°C 

AD 7808/AD 7809 Commercial Plastic 

(B, C Versions) -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature +150°C 

SO I C (R-16) Pacl<age, Power Dissipation 450 mW 

GjA Thermal Impedance 75°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 

PD IP (N -16) Package, Power Dissipation 670 mW 

GjA T hermal I mpedance 116°C/W 

Lead Temperature, Soldering (10 sec) +260°C 

SOIC (R-24) Package, Power Dissipation 450 mW 

ejA Thermal Impedance 75°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 



PDIP (N-24) Package, Power Dissipation 670 mW 

OjA Thermal Impedance 105°C/W 

Lead Temperature, Soldering (10 sec) +260°C 

SOIC (R-28) Package, Power D issipation 875 mW 

OjA Thermal Impedance 70°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 

PDIP (N -28) Package, Power Dissipation 875 mW 

BjA Thermal Impedance 75°C/W 

Lead Temperature, Soldering (10 sec) +260°C 

SSOP (RS-28) Package, Power Dissipation 875 mW 

ejA Thermal Impedance 110°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) -i-215°C 

Infrared (15 sec) +220°C 

TOFP (ST-44B) Package, Power Dissipation 450 mW 

GjA T hermal I mpedance 116°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) -i-220°C 

NOTES 

^stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This Is a stress rating only and functional 
operation of the device at these or any other conditions above those listed In the 
operational sections of this specification Is not Implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

^T he outputs may beshorted to voltages In this range provided the power dissipation 
of the package Is not exceeded. 

^T ranslent currents of up to 100 mA will not cause SC R latchup. 



ORDERING GUIDE 





Supply 


Temperature 


Relative 


Package 


Model 


Voltage 


Range 


Accuracy 


Option* 


AD7804BN 


3.3 V to 5 V 


-40''C to +85°C 


±3LSB 


N-16 


AD7804BR 


3.3 V to 5 V 


-40''C to +85''C 


±3LSB 


R-16 


AD7804CN 


3.3 V to 5 V 


-40°C to +85°C 


±2 LSB 


N-16 


AD7804CR 


3.3 V to 5 V 


-40°C to +85°C 


±2 LSB 


R-16 


AD7805BN 


3.3 V to 5 V 


-40°C to +85°C 


±3 LSB 


N-28 


AD7805BR 


3.3 V to 5 V 


-40°C to +85°C 


±3 LSB 


R-28 


AD7805BRS 


3.3 V to 5 V 


-40''C to +85°C 


±3 LSB 


RS-28 


AD7805CN 


3.3 V to 5 V 


-40''C to +85°C 


±2 LSB 


N-28 


AD7805CR 


3.3 V to 5 V 


-40''C to +85''C 


±2 LSB 


R-28 


AD7805CRS 


3.3 V to 5 V 


-40°C to +85°C 


±2 LSB 


RS-28 


AD7808BN 


3.3 V to 5 V 


-40''C to +85''C 


±4 LSB 


N-24 


AD7808BR 


3.3 V to 5 V 


-40''C to +85°C 


±4 LSB 


R-24 


AD7809BST 


3.3 V to 5 V 


-40''C to +85°C 


±4 LSB 


ST-44B 



*N =DIP,R = SOIC, RS = SSOP, ST =TOFP. 



CAUTION 



BSD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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AD7804/AD7808PIN FUNCTION DESCRIPTION 



AD 7804 


AD7806 






Pin Na 


Pin No. 


Mnemonic 


Description 


1 
1 


1 fi 


A r; M n 

M O IM U 


ml 1 nH rof oronro nn i nf" fn r an al nn ri rn i if"r\/ 
OIUUIIU ICICICIILcpUIIILIUI CIIICIIUyLIILUILiy. 






" OUTL), v OUT" 


Anainn niifniit" unlfanp f mm fhp D A P q 


4 


4 


KbrUU 1 


Reference Output. T his is 3 bandgap reference and istypically 1.23 V. 




5 


PD 


Active iow input used to put tlie part into low power mode reducing current consumption 








to 1|jA. 




7,8 


VqutF, VqutE 


Analog output voltages from the DACs. 


5 


9 


FSIN 


Level-triggered control input (active low). This is the frame synchronization signal for the 








input data. When FSIN goes low, it enables the input shift register and data is transferred 








on the falling edgesof CLKIN . 


6 


10 


LDAC 


LDAC Input. When this digital input is tal<en low, all DAC registers are simultaneously 








updated with the contents of the data registers. If LDAC is tied permanently low, or is 








ln\A/ nn f"hp ci Yf"ppnf"h fal 1 i nn c\c\c\t pHhp w/i1"h ti mi nn ci mi lar thiat nf 1 M an ai itnmafir 

1 U VV Ul 1 LI IC Jl ALCCI ILII lalllllU LIULIx CUUC VV 1 LI 1 LI 1 1 II 1 lU ol 1 1 II 1 Cll LU LIIClLUI OLflN, Clll CiLJ LUI 1 IClLIL 








UpudLc WIN LdKc pidLc. 


"7 
/ 


11 


c n 1 M 
bU 1 IM 


Serial D ata 1 nput. T hese devices accept a 16-bit word. D ata is clocked into the input shift 








rpoi'rt'pr on the fallinn prinp nf r 1 KIN 


8 


12 


DGN D 


Ground reference point for digital circuitry. 







U V [)[) 


i ni f"al D n va, pr Q i m n 1 \/ 

uiyiLdi ruwci Duppiy. 


10 


14 


CLKIN 


Clock Input. Data is clocked into the input shift register on the falling edgesof CLKIN . 


11 


15 


CLR 


Asynchronous CLR Input. When this input istaken low, all M ain DAC outputs are 








cleared either to Vbias or to Vbias/16 volts. All Sub DACs are also cleared and thus the 








transfer function of the M ain DAC will remain centered around the Vbias point. 




16 


N/C 


N C onnect. T his pin should be left open circuit. 




17, 18 




Analog output voltages from the DACs. 


12 


20 


REFIN 


T his is an external reference input for the DACs. When this reference is selected for a 








DAC in the control register, the analog output from the selected DAC swings around this 
point. 


13 


21 


COM P 


Compensation Pin. This pin provides an output from the internal Vdd/2 divider and is 








provided for ac bypass purposes only. T his pin should be decoupled with 1 nF capacitors 








to both AVdd and AG N D . T his pin can be overdriven with an external reference, thus 








giving the facility for two external references on the part. 


14, 15 


22, 23 


VoutD,VoutC 


Analog output voltage from the DACs . 


16 


24, 19 




Analog Power Supply. -1-3.3 V to -1-5 V. 



ADTSMPIN CONFIGURATION 



AD7808PIN CONFIGURATION 



AGND |T • 

VoutB [I 

VoUT* [I 
REFOUT [T 

reiN [T 

LDAC [T 
SDIN [7 
DGND |T 



AD7804 

TOP VIEW 
(Not to Scale) 



16] AVuD 
lE VoutC 

111 VqutD 
13] COMP 
12] REFIN 
11] CLR 
10] CLKIN 



AGND 1^ 

VoutB [J 
VoutA [7 
REFOUT [T 
PD [T 
AGND 1^ 

VoutF \2_ 
VqutE 

FsiN |~r 

LDAC [10 
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AD780E^AD7a09PIN FUNCTION DESCRIPTION 



AD 7805 


AD7a09 






Pin Na 


Pin Na 


Mnemonic 


Description 




1, 11, u. 




N Lonneci. i nese pins snouiu ue icir open circuit. 


1 
1 


Z, J, jy, 4U 


i r; M n 

M O L/ 


TAi 1 A/H roforoAro aaI aI" fAr aAal aa rim i ifn/ 
o 1 uu 1 lu 1 cici CI iLc pui 1 iL lui di idiuy li i lu i li y. 




41, 4Z 


\/ „ R \/ „ , , A 
VoUTt). Vout'^ 


A a^Iaa aiiI'aii'I" \/a 1 I'saoc f r a m I'h q A c 
MlldiUy UULpUL VUlLdycb IIUIll Lllc UML-b . 


4 


43 


REFOUT 


Reference Output. This is a bandgap reference and is typically 1.23 V. 


5-10, 


3, 4, 6, 7, 9, 


DB9-DB2 


D ata 1 nputs. D B9 to D B2 are the 8 M SBs of the data word. 


12, 13 


10, 15, 23 




19-20 


24, 26 


D B 1, D BO 


D B 1 and D BO Tunction as the 2 L SBs or the 10- bit word in 10- bit parallel mode but 








have other functions when BYTE loading structure is used. 




IT 

0, Iz 


VOUTI, VoutC 


Analog output voltages from the D AC s. 


11 


14 


LDAC 


LDAC Input. When thisdigital input is taken low, all DAC registers are simultaneously up- 








dated with the contents of the DAC data registers. If LDAC is tied permanently low, or is 








low during the rising edge of WR similar to data inputs, an automatic update will take place. 


14 


16 


DG N D 


Ground reference point for digital circuitry. 


15 


1/ 




Digital Power Supply. 


16 


18 


WR 


Write Input WR is an active low logic input which is used in conjunction with CS and 








the address pins to write data to the relevant registers. 


17 


21 


CS 


^ 1 ' 1 J_ A J_' 1 1 ■ ■ 1 

C hip Select. Active low logic input. 


18 


19 


CLR 


Asynchronous CLR Input. When this input is taken low, all Main DAC outputs are 








cleared either to Vbias or to Vbias/16 volts. All Sub D ACs are also cleared and thus the 








transfer function of the MAIN DAC will remain centered around the Vbias point. 




22, 25 


VqutH > VqutG 


Analog output voltages from the DACs. 


21, 22 


27, 29, 30 


A2, Al, AO 


DAC Address Inputs. These digital inputs are used in conjunction with CS and WRto de- 








termine which DAC channel control register or DAC data register is loaded from the input 








register. T hese address bits are don't cares when writing to the system control register. 


23 


31 


MODE 


Logic Input. Logic high enables writing to the DAC data registers, a logic low enables 








writing to the control registers. 


24 


32 


REFIN 


T his is an external reference input for the DAC. When this reference is selected for the DAC 








in the control register, the analog output from the selected DAC swings around this point. 


ZD 




p n M D 
LUM r 


C ompensation Pin. T his pin provides an output from the internal Vdd/2 divider and is 








provided for ac bypass purposes only. T his pin should be decoupled with 1 nF capacitors 








to both AVdd and AG N D . T his pin can be overdriven with an external reference, thus 








giving the facility for two external references on the part. 


26, 27 


35, 36 


VoutD, VoutC 


Analog output voltages from the DACs. 


28 


28, 37, 38 


AVdd 


Analog Power Supply. 




44 


PD 


Active low input used to put the part into low power mode reducing current consump- 








tion to 1|jA. 



AD7805 PIN CONFIGURATION 



AD7809PIN CONFIGURATION 
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TOP VIEW 
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TERMINOLOGY 
Relative Accuracy 

For the DACs, relative accuracy or endpoint nonlinearity is a 
measure of tlie maxinnunn deviation, in L SBs, from a straiglit 
line passing through the endpoints of the D AC transfer func- 
tion. Figures 32 and 33 show the linearity at 3 V and 5 V 
respectively. 

DIffierential Nonlinearity 

D ifferential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ±1 LSB maxi- 
mum ensures monotonicity. 

Bias Offset Error 

If the DACs are ideal, the output voltage of any DAC with mid- 
scale code loaded will be equal to Vbias where Vbias is selected 
by M XI and M XO in the control register. The DAC bias offset 
error is the difference between the actual output voltage and 
Vbias, expressed in mV. 

Gain Error 

The difference between the actual and ideal analog output 
range, expressed as a percent of full-scale range. It is the devia- 
tion in slopeof the DAC transfer characteristic from ideal. 

Zero- Scale Error 

T he zero-scale error is the actual output minus the ideal output 
from any DAC when zero code is loaded to the DAC. If offset 
binary coding is used, the code loaded is OOOH ex, and if twos 
complement coding is used, a code of 200H EX is loaded to the 
DAC to calculate the zero-scale error. Zero-scale error is ex- 
pressed in mV. 



Digital-to- Analog Glitch impulse 

D igital-to-analog glitch impulse is the impulse injected into the 
analog output when th e digita l inputs change state with the 
DAC selected and theLDAC used to update the DAC. It is 
normally specified as the area of the glitch in nV-sand is mea- 
sured when the digital input code is changed by 1 L SB at the 
major carry transition. Regardless of whether offset binary or 2s 
complement coding is used, the major carry transition occurs at 

theanalogoutput voltage change of Vbias to Vbias - 1 LSB 
or vice versa. 

Digital Feedthrough 

D igital feedthrough is a measure of the impulse injected into the 
analog output of a DAC from the digital inputs of the same 
DAC but is measured when the DAC is not updated. It is speci- 
fied in nV sees and is measured with a full-scale code change on 
the data bus, i.e., from all Osto all Is and vice versa. 

Digital Crosstalk 

Digital crosstall< is the glitch impulse transferred to the output 
of one converter due to a digital code change to another DAC. 
It is specified in nV-s. 

Analog Crosstalk 

Analog crosstalk is a change in output of any DAC in response 
to a change in the output of one or more of the other DACs. It 
is measured in LSBs. 

Povuer Supply Rejection Ratio (PSRR) 

T his specification indicates how the output of the DAC is af- 
fected by changes in the power supply voltage. Power-supply 
rejection ratio is quoted in terms of % change in output per % 
change in Vdd for full-scale output of the DAC. Vdd is varied 
±10%. 



AD 7804/AD7808 INTERFACE SECTION 

TheAD7804 and AD 780 8 are s erial input devices. Threelines 
control the serial interface, FSIN, CLKIN and SD IN. The tim- 
ing diagram is shown in Figure 1. 

Two mode bits (M Dl and M DO) which areDB13 and DB14 of 
the serial word written to theAD7804/AD7808 are used to de- 
termine whether writing is to the DAC data registers or the con- 
trol registers of the device. T hese parts contain a system control 
register for controlling the operation of all DACs in the pacl<age 
as well as a channel control register for controlling the operation of 
each individual DAC. Table I shows how to access these registers. 

Tablel. Register Selection Tablefor the AD7804/AD7808 



MDl 


MDO 


Function 








Write enable to system control register 





1 


Write enable to channel control register 


1 


X 


Write enable to DAC data registers. 



When the FSIN input goes low, data appearing on theSDIN 
line is clocked into the input register on each falling edge of 
C L K I N . D ata to be transferred to the AD 7804/AD 7808 is 
loaded M SB first. F igure 4 shows the loading sequence for the 
AD 7804/AD 7808 system control register, Figures shows the 



sequence for the channel control register write, and F igures 6 
and 7 show the sequence for loading data to the M ain and Sub 
DAC data registers. F igure 3 shows the internal registers associ- 
ated with the AD 7804/AD 7808 serial interface DACs. Only one 
DAC structure is shown for clarity. 



SYSTEM 
CONTROL 
REGISTER 



TO ALL 
CHANNELS 



SINGLE 
CHANNEL ~ 



16-BIT INPUT SHIFT REGISTER<- 



DECODER 



> FSIN 
I CLKIN 
I SDIN 



CHANNEL 
CONTROL 
REGISTER 



data REGISTER 



1: 



DATA REGISTER 



DAC REGISTER 



DAC REGISTER 




10-BIT DAC 
(MAIN DAC) 



8-BIT DAC 
(SUB DAC) 



Figure 3. AD7804/AD7808 Internal Registers 
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MSB 



LSB 



































X 


MDO = 


MD1 = 


X 


X 


X 


X 


X 





BIN/COMP 


PD 


SSTBY 


SCLR 





X 


X 



X =DONT CARE 



DB15MSB 



Figure 4. AD7804/AD7808 System Control Register Loading Sequence 



DBO(LSB) 



MD0 = 1 MD1 = A2* Al AO MXl MXO 



STBY CLR 



X X 



X =DON'T CARE 
♦APPLICABLE TO 



DB15MSB 



THE AD7808ONLY AND ARE DON'T CARE CON DITION S WH EN OPERATING THE AD7804. 

Figures. AD7804/AD7808 Cliannel Control Register Loading Sequence 



DBO(LSB) 



MAIN/SU B 



MDO = X MD1 = 1 A2* Al AO DB9 DBS DB7 DB6 DBS DB4 DB3 DB2 



DBl DBO 



X = DONT CARE 

♦APPLICABLE TOTHE AD 7808 ONLY AND ARE DONT CARE CONDITIONS WHEN OPE RATING THE AD7804. 



Figure 6. AD7804/AD7808 Main DAC Data Register Loading Sequence (MAIN/SUB =0) 



DB15MSB 



DBO(LSB) 



MAIN/SU B 



MDO = X MD1 = 1 A2* Al AO DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 



X X 



X =DON'T CARE 

♦APPLICABLE TO THE AD 7808 ONLY AND ARE DONT CARE CON D ITION S WH EN OPERATING THE AD 7804. 



Figure 7. AD7804/AD7808 Sub DAC Data Register Loading Sequence (MAIN/SUB =1) 



W hen the system control register is selected by writi ng zeros to 
the mode bits, M D 1 and M D the address bits are ignored as 
the system control register controls all DACs in the pacl<age. 
When M Dl = and M DO = 1, writing is to the channel control 
register. Only the DAC selected by the address bits will be af- 
fected by writing to this register. Each individual DAC has a 
channel control register. 

The DACs data registers are addressed by writing a one to 
M Dl (DB13); the condition of M DO (DB14) does not matter 
when writing to the data registers. D B IS determines whether 
writing is to the M ain DAC data register or to the Sub DAC 
data register. The M ain DAC is 10 bits wide and the Sub DAC 
is 8 bits wide. Thus when writing to the Sub DAC DBl and 
D BO become don't cares. T he Sub DAC is used to offset the 
complete transfer function of the M ain DAC around itsVeiAs 
point. The Sub DAC has 1/8 LSB resolution and will enable the 
transfer function of the M ain DAC to be offset by± Vbias/32. 



When theLDAC line goes low, all DAC registers in the device 
are simultaneously loaded with the contents of their respective 
DAC data registers, and the outputs change accordingly. 



Bringing the CLR line low resets the DAC data and DAC regis- 
ters. T his hardware clear affects both the M ain and Sub DACs. 
T his operation sets the analog output of the M ain DAC to Vbias/ 
16 when offset binary coding is selected and the output is set to 
Vbias when twos complement coding is used. Vbias is the output 
of the internal multiplexer as shown in Figure 3. The output of 
the Sub D AC is used to shift the transfer function of the M ain 
DAC around the Vbias point and the contribution from the Sub 
DAC is zero following an external hardware clear. Software 
clears affect theM ain DACs only. 



AD7804/AD7S08 SYSTEM CONTROL REGISTER (MD1 = Q 
MDO = 0) 

The bits in this register allow control over all DACs in the pacl<- 
age. T he control bi ts includ e power down (PD), DAC input 
coding select (BIN/COMP), system standby (SST BY) and a sys- 
tem clear (SC L R). T he function of these bits is as follows: 

Power Down (PD) 

T his bit in the control register is used to shut down the complete 
device. With a in this position, the reference and all DACs are 
put into low power mode. Writing a 1 to this bit puts the part in 
the normal operating mode. When in power-down mode, the 
contents of all registers are retained and are valid when the de- 
vice is put bacl< into normal operation. 



Coding (BIN/COMP) 

T his bit in the system control register allows the user to select 
one of two input coding schemes. T he available schemes are 
Twos complement coding and offset binary coding. All DACs 
will be configured with the same input coding scheme. Writing 
a zero to the control register selects twos complement coding, 
while writing a 1 to this bit in the control register selects offset 
binary coding. 

With twos complement coding selected the output voltage from 
the Main DAC isoftheform: 



OUT 



where 



'^BIAS -^SWING 



VsWING iSjg^xVsiAS 



With Offset Binary coding selected the output voltage from the 
M ain DAC ranges from: 



w Vbias 31 

VOUT = 2g toVouT =JgXVBIAS 
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Vbias can be the internal bandgap reference, the internal Vdd/2 
reference or the external RE F I N as determined by M X 1 and 
M XO in the channel control register. A second external refer- 
ence can be used if required by overdriving the Vdd/2 reference 
which appears at the COM P pin. 

System Standby (SSTBY) 

This bit allows all theDACsin the pacl<age to be put into low 
power mode simultaneously but the reference is not affected. 
Writing a one to the SST BY bit in the system control register 
puts all DACs into standby mode. On writing a one to this bit 
all linear circuitry is switched off and the D AC outputs are con- 
nected through a high impedance to ground. The DACs come 
out of standby mode when a is written to the SST BY bit. 

System Clear Function (SCLR ) 

T his function allows the user to clear the contents of all data 
and DAC registers in software. Writing a one to the SCLR bit 
in the control register clears the DAC 's outputs. A zero in this 
bit position puts the DAC in normal operating mode. T he out- 
put of the M ain DACs are cleared to one of two voltages de- 
pending on the input coding used. If twos complement coding 
is selected, then issuing a software clear will reset the output of 
the M ain DAC to midscale (Vbias)- If offset binary coding is se- 
lected, the Main DAC output will be reset to Vbias /16 following 
the execution of a software clear. T his system clear function 
does not affect the Sub DAC; the Sub DAC data register retains 
its value during a system software clear (SCLR). 

AD7BOVAD7B0B CHANNEL CONTROL REGISTER (MDl = a 
MDO=D 

T his register allows the user to have control over individual 
DACs in thepacl<age. The control bits in this r egister include 
the address bits for the selected DAC, standby (STBY), indi- 
vidual DAC clear (CLR) and multiplexer output selection 
(M XI and M XO). The function of these bits follows. 

DAC Selection (A2, Al, AO) 

Bits A2, Al and AO in the input registers are used to address a 
specific DAC. Table I la shows the selection table for the DACs 
of theAD7804. Table Mb shows the selection tableforthe 
DACsof theAD7808. 



Table Ma. DAC Selection Table for the AD 7804 



A2 


Al 


AO 


Function 


X 








DAC A Selected 


X 





1 


DAC B Selected 


X 


1 





DAC C Selected 


X 


1 


1 


DAC D Selected 



Tablellb. DAC Selection Table for the AD 7808 



A2 


Al 


AO 


Function 











DAC A Selected 








1 


DAC B Selected 





1 





DAC C Selected 





1 


1 


DAC D Selected 


1 








DAC E Selected 


1 





1 


DAC F Selected 


1 


1 





DAC G Selected 


1 


1 


1 


DAC H Selected 



Standby (STBY) 

This bit allows the selected DAC in the pacl<ag e to be put into 
low power mode. Writing a zero to the STBY bit in the channel 
control register puts the selected DAC into standby mode. On 
writing a zero to this bit all linear circuitry is switched off and 
the DAC output is connected through a high impedance to 
ground. T he DAC is returned to normal operation by writing a 
one to the STBY bit. 

Software Clear Function (CLR) 

T his function allows the user to clear the contents of the se- 
lected DACs data in software. Writing a one to theCLR bit in 
the control register clears the DACs output. A zero in theCLR 
bit position puts the DAC in normal operating mode. T his soft- 
ware CLR operation clears only the M ain DAC, the contents of 
the Sub DAC is unaffected by a CLR operation. The output of 
the M ain DAC can be cleared to one of two places depending 
on the input coding used. An LDAC pulse is required to acti- 
vate the channel clear function and must be applied after the bit 
in the channel control register is set or reset. If twos comple- 
ment coding is selected, then issuing a software clear will reset 
theoutputof the M ain DAC to midscale (Vbias)- If offset binary 
coding is selected, theM ain DAC output will be reset to Vbias/16 
following the execution of a software clear. 

Multiplexer Selection (MXl, MXO) 

T hese two bits are used to select the reference input for the se- 
lected DAC. Table III shows the options available. 



Tablelll. Multiplexer Output Selection 



MXl 


MXO 


Vbias 








Vdd/2 





1 


INTERNAL Vref 


1 





REFIN 


1 


1 


U ndetermined 



AD7804/AD7808SUB DAC DATA REGISTER 

Figure 7 shows the loading sequence for writing to the data reg- 
isters of the DACs. DB15 determines whether writing is to the 
M ain or Sub DACs data register. A one in this position selects 
the addressed Sub DACs data register. The Sub DAC is 8 bits 
wide and thus D Bl and D BO of the 16-bit input word are don't 
cares when writing to the Sub DAC. This Sub DAC allows the 
complete transfer function of each individual DAC to be offset 
around the Vbias point. This is achieved by either adding or 
subtracting to the output of the M ain D AC . T his Sub DAC has 
a span of ±Vbias/32 with 1/8-bit resolution. T he coding scheme 
for the Sub DAC is the same as that for theM ain DAC. With 
offset binary coding the transfer function for the Sub DAC is 

Vbias ,, (NB -128) 
16 256 

where NB is the digital code written to the Sub DAC and varies 
from to 255. 

With twos complement coding the transfer function for the Sub 
DAC is 



where NB is the digital code written to the Sub DAC and varies 
from -128 to 127. V 

bias can be either the internal bandgap ref- 
erence, the internal Vdd/2 reference or the external REFIN as 
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determined by M X 1 and M X in the channei controi register as 
shown in T able 1 1 1 . T he internal Vdd/2 reference is provided at 
theCOM P pin. This internal reference can be overdriven with 
an external reference thus providing the facility for two external 
references. 

AD7804/AD7808 POWER-UP CONDITIONS 

When power is applied to the device, the device will come up in 
standby mode where all the linear circuitry excluding the refer- 
ence are switched off. F igure 8 shows the relevant default val- 
ues for the system control register. Since a write to the system 
control register is required to remove the standby condition the 
only bits for which default conditions are applicable are PD and 
SST BY . F igure 9 details the relevant default conditions for the 
Channel Control Register. 



c 



PD 


SSTBY 


1 


1 



Figure 8. Default Conditions for System Controi Register 
on Power-Up 



STBY 


CLR 


MXl 


MXO 


1 


1 









Figure 9. Default Conditions for Channel Control Register 
on Power-Up 

After power has been applied to the device the following proce- 
dure should be followed to communicate and set up the device. 
F irst a write to the system control register is required to clear 
the SST BY bit and change the input coding scheme if required. 

For example to remove standby and set up offset binary input 
coding 0060H ex should be written to the input register, if twos 
complement coding is required 0020H ex should be written to 
the input register. M D 1 and M DO are decoded in the input reg- 
ister and this allows the data to be written to the system control 
register. 

Step two requires writing to the channel control register which 
allows individual control over each DAG in the pacl<age and al- 
lows the Vbias for the D AC to be selected as well as individual 
DAC standby and clear functions. For example if channel A is 
to be configured for normal operation with internal reference se- 
lected then 4110H ex should be written to the input register. I n 
the input register, the M Dl and M DO bits are decoded in asso- 
ciation with the address bits to give access to the required chan- 
nel control register. T he third and final step is to write data to 
the selected DAC. To write half scale to channel A Main DAC, 
2200H ex should be written to the input register, the M SB in the 
sixteen bit stream selects the M ain DAC and the next three bits 
address the DAC and the final 10 bits contain the data. To 
write half scale to channel A Sub DAC then A200 should be 
written to the input register. The flowchart in Figure 10 shows 
in graphical form the steps required in communicating with the 
AD7804/AD7808. 



WRITE TO SYSTEM 
CONTROL REGISTER 



WRITE TO CHANNEL 
CONTROL REGISTER 




SYSTEM 

CONFIGURATION 



CHANNEL 
CONFIGURATION 



WRITE TO SELECTED 
MAIN OR SUB DAC 
DATA REGISTERS 




DATA WRITE 



c 



Figure 10. Flowchart for Controlling the DAC Following 

Power-Up 

AD780E/AD7809INTERFACE SECTION 

The AD 7805 and AD 7809 are parallel data input devices and 
contain both control registers and data registers. T he system 
control register has global control over all DACs in the pacl<age 
while the channel control register allows control over individual 
DACs in the package. Two data registers are also available, one 
for the 10-bit M ain DAC and the second is for the 8-bit Sub 
D AC . I n the parallel mode, CS and WR in association with the 
address pins control the loading of data. D ata is transferred 
fro m the d ata register to the DAC register under the control of 
the LDAC signal. Only data contained in the DAC register de- 
termines the analog output of any DAC. The timing diagram for 
10-bit parallel loading is shown in Figure 2. The IM ODE pin on 
the device determines whether writing is to the data registers or 
to the control registers. When MODE is at a logic one, writing 
is to the data registers. I n the next write to the data registers a 
bit in the channel control register determines whether the M ain 
DAC or the Sub DAC is addressed. T his m eans that to address 
either the M ain or the Sub DAC the Main/Sub bit in the control 
register has to be set appropriately before the data register write. 
A logic zero on the mode pin enables writing to the control reg- 
ister. Bit M DO determines whether writing is to the system con- 
trol register or to the addressed channel control register. 



Bringing the CLR line low resets the DAC registers to one of 
two l<nown conditions depending on the coding scheme se- 
lected. T he hardware clear affects both the M ain and Sub 
DAC registers. With offset binary coding a clear sets the output 
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of the M ain DAC to the bottom of the transfer function, Vbias/16. 
With twos compiement coding the output of the DAC is cieared 
to midscaie which is Vbias. A hardware clear always clears the 
output of the Sub DAC to midscaie thus the output of the Sub 
DAC mal<eszero contribution to theoutput of the channel. 



MODE ADDR 

LI 



D9 D2 D1 DO 



INPUT REGISTER 



SYSTEM 
CONTROL 
REGISTER 



CONTROL 
LOGIC 



I CS^ 
I WR 
I LDAC 



TO ALL 
CHANNELS 



SINGLE 
CHANNEL ~ 



CHANNEL 
CONTROL 
REGISTER 



DATA REGISTER 



DATA REGISTER 



DAC REGISTER 



DAC REGISTER 




10-BIT DAC 
(MAIN DAC) 



8-BIT DAC 
(SUB DAC) 



Figure 11. AD7805/AD7809 Internal Registers 

AD 780E/AD7a09 CONTROL REGISTERS 

Access to the control registers of the AD 7805/AD 7809 is 
achieved by tal<ing the mode pin to a logic low. The control reg- 
ister of these DAC s are configured as in Figures 12 and 13. 
T here are two control registers associated with the part. System 
control register which looks after the input coding, data format, 
power down, system clear and system standby. T he channel 
control register contains bits that affect the operation of the se- 
lected D AC . T he external address bits are used to select the 
DACs. T hese registers are 8 bits wide and the last two bits are 
control bits. T he mode pin must be low to have access to the 
control registers. 



DB9 



DB2 DBl DBO 



10/8 



BIN/COMP 



PD 



SSTBY 



SCLR 



MDO=0 



= DONT CARE 



Figure 12. AD7805/AD7809 System Control Register Con- 
figuration, (MODE =0) 



DB9 



DB2 DBl DBO 



MXl 



MXO 



MAIN/SU B 



STBY 



CLR 



MD0 = 1 



X =DONT CARE 

Figure 13. AD7805/AD7809 Channel Control Register Con- 
figuration (MODE =0) 

T he external mode pin must be tal<en high to allow data to be 
written to the DAC data registers. F igure 14 shows the bit allo- 
cations when 10-bit parallel operation is selected in the system 
control register. 



DB9 



DBO 



DB9 


DBS 


DB7 


DB6 


DBS 


DB4 
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Figure 14. AD7805/AD7809 Main DAC Data Register (Top) 
and Sub DACData Register (Bottom) Configuration 
(MODE =1,10/8=0) 

F igure 15 shows the bit allocations when 8-bit parallel operation 
is selected in the system control register. DB9 to DB2 are re- 
tained as data bits. DBl acts as a high byte or low byte enable. 
When DBl is low, the eight M SBs of the data word are loaded 
to the input register. When DBl is high, the low byte consisting 
of the two L SBs are loaded to the input register. DBO is used to 
select either the M ain or Sub DAC when in the byte mode. 
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Figure 15. AD7805/AD7809 Ma in DAC Data Register Con- 
figuration (MODE =1, 10/8 =1, MAIN/SUB =0) 

Figure 16 shows the bit allocations for writing to the Sub DAC. 



DB9 



DB2 DBl 



DBO 



DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DBl 


DBO 


X 


MAIN/SU B 



X =DONT CARE 

Figure 16. AD7805/A D7809 S ub DAC Data Register Con- 
figuration (MODE =1, MAIN/SUB =1) 

Each DAC has a separate channel control register. T he follow- 
ing is a brief discussion on the bits in each of the control registers. 

DAC Selection (A2, Al, AO) 

T he external address pins in conjunction with CS, WR, and 
MODE are used to address the various DAC data and control 
registers. Table IVa shows how these DAC registers can bead- 
dressed on the AD 7805. Table IVb shows how these registers 
are addressed on the AD 7809. Refer to F igures 12 to 16 for infor- 
mation on the registers. 

Table IVa ADTSOBDAC Data/Control Register 
Selection Table 



MODE 


Al 


AO 


Function Selected 











DAC A Control Registers 








1 


DAC B Control Registers 





1 





DAC C Control Registers 





1 


1 


DAC D Control Registers 


1 








DAC A Data Registers 


1 





1 


DAC B Data Registers 


1 


1 





DAC C Data Registers 


1 


1 


1 


DAC D Data Registers 
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Table IVb. AD7809DAC Data/Control Re^ster 
Selection Table 



MODE 


A2 


Al 


AO 


Function Selected 














DAC A Control Register 











1 


DAC B Control Register 








1 





DAC C Control Register 








1 


1 


DAC D Control Register 





1 








DAC E Control Reaister 





1 





1 


DAC F Control Register 





1 


1 





DAC G Control Register 





1 


1 


1 


DAC H Control Register 













DAC A Data Register 










1 


DAC B Data Register 







1 





DAC C Data Register 







1 


1 


DAC D Data Register 




1 








DAC E Data Register 




1 





1 


DAC F Data Register 




1 


1 





DAC G Data Register 




1 


1 


1 


DAC H Data Register 



AD 780E/AD7809 SYSTEM OR CHANNEL CONTROL 
REGISTER SELECTION 

M DO 

T his enables writing to the system control register. 
The contents of this are shown in Figure 12. Mode 
must be low to access this control register. 

1 T his enables writing to the channel control register. 
The contents of this are shown in Figure 13. M ode 
must also be low to access this control register. 

AD780S/AD7809 SYSTEM CONTROL REGISTER 

The bits in this register allow control over al[DACs in the pack- 
age. T he control bits include data for mat (10/ 8), power down 
(PD), DAC input coding select (BIN/COMP), system standby 
(SSTBY) and a system clear (SCLR). The function of these bits 
is as follows: 

Data Format 

To/8 

10 Bit parallel loading structure. 

1 Byte loading structure. (8+2 loading). 

Inpu t Codin g 

BIN/COMP 

Twos complement coding. 

1 Offset Binary Coding. 

Power Down 

PD 

Complete power down of device. 

1 N ormal operation (default on power-up). 

System Standby 

SSTBY 

N ormal operation. 

1 All DACs in the pacl<age put in standby mode (default 
on power-up). 



System C lear 

SCLR 

Normal operation. 

1 All DACs in the pacl<age are cleared to a l<nown state de- 
pending on the coding scheme selected. T he SC L R bit 
clears theM ain DACsonly;theSub DACsareunaf- 
fected by the system clear function. The main DAC is 
cleared to different levels depending on the coding 
scheme. With offset binary coding the M ain DAC output 
is cleared to the bottom of the transfer function Vbias/16. 
With twos complement coding theM ain DAC output is 
cleared to midscaieVgiAs. The channel output will be the 
sum oftheMainDAC and Sub DAC contributions. 

AD780E/AD7809CHANNEL CONTROL REGISTER 

This register allows the user to have control over individual 
DACs in the package. The control bits in this register include 
multiplexer out put sele ction (M X 1 and M XO) , M ain or Sub 
DAC selection (MAIN/SUB), standby (STBY) and individual 
DAC clear (CLR). The function of these bits is as follows. 

Multiplexer Selection (MXl, MXO) 

TableV shows the Vbias selection using M XI and M XO bits in 
the channel control register. 

TableV. Vbias Selection Table 



MXl 


MXO 


Vbias 








Vdd/2 (Default on Power-Up) 





1 


INTERNAL VREF 


1 





REFIN 


1 


1 


U ndetermined 



Main D AC or Sub DAC Selection 

MAIN/SU B 

Writing a to this bit means that the data in the next 
data register write is transferred to the selected M ain 
DAC. 

1 Writing a 1 to this bit means that the data in the next 
data register write is transferred to the selected Sub DAC. 

This applies to the 10-bit parallel load feature. In byte 
load mode, (Figure 15) DBO selects the M ain or Sub 
DAC data registers. 

Standb y 

STBY 

Places the selected DAC and its associated linear cir- 
cuitry in Standby M ode. 

1 Normal operation (default on power-up). 

Clear 

CLR 

Normal operation. 

1 C lears the output of the selected M ain DAC to one 
of two conditions depending on the input coding se- 
lected. With offset binary coding the M ain DAC out- 
put is cleared to the bottom of the transfer function, 
Vbias/16 and with twos complement coding the M ain 
DAC output is cleared to midscale Vbias- T he Sub 
DAC is unaffected by a clear operation. An LDAC sig- 
nal has to be applied to the DAC for a channel clear to 
be implemented. 
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POWER-UP CONDITIONS ( POWER-ON RESET ) 

When power is applied to the AD 7805/AD 7809 the device pow- 
ers up in a l<nown condition. T he device powers up in system 
standby (SSTBY) mode where all D AGs in the package are in 
low power mode, the reference is active and the outputs of the 
DACs are connected internally through a high impedance to 
ground. F igure 17 show the default conditions for the system 
control register. Since a write to the system control register is re- 
quired to remove the standby condition, relevant default condi- 
tions are only applicable for PD and SST BY in the system 
control register. T he following are the bits in the chann el con- 
trol register for which default conditions are applicable, STBY, 
CLR, MXl and MXO. F igure 18 shows the default conditions 



for the channel control register, 


PD 


SSTBY 


1 


1 



Figure 1 7. Default Conditions for tlie AD7805fAD7809 
System Control Register on Power-Up 



STBY 


CLR 


MXl 


MXO 


1 


1 









Figure 18. Default Conditions for the AD7805/AD7809 
Channel Control Register on Power-Up 

T he flowchart in F igure 19 shows the steps necessary to control 
the AD 7805/AD 7809 following power-on. T his flowchart de- 
tails the necessary steps when using the AD 7805/AD 7809 in its 
10-bit parallel mode. The first step is to write to the system con- 
trol register to clear the SST BY bit and to configure the part for 
10-bit parallel mode and select the required coding scheme. T he 
next step is to determine whether writing is to the M ain or Sub 
D AC . T his is achieved by writing to the channel control regis- 
ter. Other bits that need to be configured in the channel control 
register are M XI and MXO which determin e the so urce of the 
Vbias for the selected DAC and the channel STBY and channel 
CLR bits need to be configured as desired. Once writing to the 
channel control register is complete, data can now be written to 
the selected M ain or Sub DAC. 

Parallel data can also be written to the device in 8-1-2 format to 
allow interface to 8-bit processors. Eight-bit mode is invol<ed by 
writing a one to the 10/8 bit in the system control register. 
When in the 8-bit mode the two unused data bits (D 81 and 
D 80) are used as hardware control bits and have the same tim- 
ing characteristics as the address inputs. D 81 is a don't care bit 
when writing to both the system and channel control registers; 
DBO acts as the mode select bit and must be low to enable writ- 
ing to the system control register and when high enables access 
to the channel control register. 

When in the 8-bit data write mode, D81 acts as a low byte and 
high byte enable, when low data is written to the 8 M S8s of the 
DAC and when high data is written to the two LSBs. DBO acts 
as a bit to select writing to the M ain or Sub DAC. When DBO is 
low, writing is to the M ain DAC, and when high, writing is to 
the Sub DAC data register. I n the 8-1-2 mode the channel con- 
trol register does not have to be accessed to switch between 
writing to the M ain and Sub DACs as in the 10-bit parallel 



START ) 



WRITE TO CHANNEL 
CONTROL REGISTER 



WRITE TO SYSTEM 
CONTROL REGISTER 




WRITE TO CHANNEL 
CONTROL REGISTER 



Figure 19. Flowchart for Controlling the AD7805/AD7809 
DACs in 10-Bit Parallel Mode Following Power-Up 

mode as the selection can be made using the hardware bit D 80 and 
this will reduce the software overheads when accessing the DACs. 

CLEAR FUNCTIONS 

T here are three methods of clearing the output of the M ain 
DAC in these devices. T he first is the external hardware clear. 
An active low logic signal applied to this pin clears all the DACs 
in the pacl<age. The voltage to which the output is cleared will 
depend on the input coding selected. T he M ain D AC outputs 
are cleared to midscale (Vbias) in twos complement format and 
to the bottom of the transfer function (Vbias/16) in offset binary 
format. The second way of clearing the main DACs is a software 
clear by asserting the SCLR bit in the system control register of 
the part. Writing a one to this bit clears all DACs in the pacl<- 
age. T he third method of clearing a DAC is to write a one to the 
CLR bit in the channel control register. This differs from that of 
the system control register in that only the se lected D ACs out- 
put is cleared. T he channel clear requires an LDAC pulse to 
activate it. 

T here is only one way of clearing the output of the Sub DAC 
and that is to use the external hardware clear. T he output of the 
Sub DAC is cleared to midscale (0 V) regardless of the input 
coding being used. F igure 20 shows a simplified diagram of the 
implementation of the clear functions for a single DAC in the 
pacl<age. 
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Figure 20. CLR Functions for MAIN and SUB DACs 
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POWER-DOWN AND STANDBY FUNCTIONS 

T here are two distinct low power modes on the device, power- 
down mode and standby mode. When in power-down mode all 
circuitry including the reference are put into low power mode 
and power dissipation from the package is at its minimum. 



SYSTEM PD O- 
SYSTEM STBY ( 
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Figure 21. Implementation of Power-Down and Standby 

Functions 

T he standby functions allow either the selected DAC or all D AC s 
in the pacl<age to be put into low power mode. T he reference is 
not switched off when any of the standby functions are invoked. 

T he PD bit in the system control register is used to shut down 
the complete device With a in this position the reference and all 
DACs are put into low power mode. Writing a 1 to this bit puts the 
part in the normal operating mode. When in power-down mode 
the contents of all registers are retained and are valid when the de- 
vice is taken out of power down. T he SST BY bit which resides 
in the system control register can be used to put all DACs and 
their associated linear circuitry into standby mode , the S ST BY 
function does not power down the reference. T he STBY bit in 
the channel control register can be used to put a selected DAC 
and its associated linear circuitry into standby mode. F igure 18 
shows a simplified diagram of how the power-down and standby 
functions are implemented for a single DAC in the package. 



LDAC FUNCTION 

LDAC input is a logic input that allows all DAC registers to be 
simultaneously updated with the contents of the DAC data reg- 
isters. LDAC input has two oper ating m odes, a synchronous mode 
and an asynchronous mode. The LDAC input condition is sam- 
pled on the sixteenth falling edge on the AD 7804/AD 7808 and is 
sampled on the rising edge of write on the AD 7805/AD 7809. If 
LDAC i s low on the sixteenth falling clock edge or on the rising 
edge o f WR, a n automatic or synchronous update will take 
place. LDAC input can be tied permanently low or have timing 
similar to that of the data inputs to operate in the synchronous 
mode. 



If LDAC is high during the sample period, theAD7804/ 
AD 7805/AD 7808/AD 7809 assumes an asyn chronous update. 
W hen in the asynchronous mode, an LDAC setup time has to 
be allowed following th e sixtee nth falling clock edge or the rising 
edge of WR before the LDAC can be activated. 



ANALOG OUTPUTS 

TheAD7804 and AD7805 DACscontain four independent 
voltage output M ain DACs with 10-bit resolution. The AD 7808 
and AD 7809 contain eight independent voltage output main 
DACs with 10-bit resolution. Each Main DAC has an associ- 
ated Sub DAC with 8-bit resolution which can be used to offset 
the complete transfer function of the M ain DAC around the 
Vbias point. These DACs produce an output voltage in the form 
0fVBiAS±VswiNG where VswiNG is 15/16 of Vbias. 

T he digital input code to these DACs can be in twos comple- 
ment or offset binary form. All DACs will be configured with 
the same input coding scheme which is programmed through 
the system control register. The default condition on power-up 
is for offset binary coding. 

TWOS COMPLEMENT CODING 

T able VI shows the 2s complement transfer function for the 
M ain DAC. 

TableVI. ZsComplementCodeTablefbr Main DAC 



DIgtal Input 
MSB . . . LSB 


Analog Output 


0111111111 


Vbias(1+1-875 x 511/1024) 


0111111110 


Vbias(1+1-875 x 510/1024) 


0000000001 


Vbias(1+1-875x 1/1024) 


0000000000 


Vbias 


1111111111 


Vbias(1-1-875 x 1/1024) 


1000000001 


Vbias(1-1.875 x 511/1024) 


1000000000 


Vbias(1-1-875 x 512/1024) 



Figure 22 shows the M ain DAC transfer function for twos 
complement coding. Any M ain DAC output voltage can be 
expressed as: 

Vout' = Vbias + 1-875 x Vbias xN A/1024 

where N A is the decimal equivalent of the twos complement in- 
put code. NA ranges from -512 to -1-511. 
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Figure 22. Main DA C Output Voltage vs. DAC Input Codes 
(HEX) for Twos Complement Coding 
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T able VI I shows the 2s complement transfer function for the 
Sub DAC. Figure 23 showsthe Sub DAC transfer function for 
twos complement coding. Any Sub DAC output voltage can be 
expressed as: 

Vout" =Vbias/16x(NB/256) 

where N B is the decimal equivalent of the twos complement 
input code. N B ranges from -128 to +127. 

Table VII. Zs Complement Code Table for SubDAC 



Distal Input 
MSB . . . LSB 


Analog 1 nput 


01111111 


(Vbias/16) X (127/256) 


01111111 


(Vb,as/16) X (126/256) 


00000001 


(Vbias/16) X (1/256) 


00000000 





11111111 


(-Vbias/16) x (1/256) 


10000001 


(-Vbias/16) x (127/256) 


10000000 


(-Vbias/16) x (128/256) 



128 ^BIAS ,, 
256 16 



/ 



/ 



/ 



/ 



/ 



/ 



DAC INPUT CODE 80 81 



Figure 23. Sub DAC Output Voltage vs. DAC Input Codes 
(HEX) for Twos Complement Coding 

T he total output for a single channel when using twos comple- 
ment coding is the sum of the voltage from the M ain DAC and 
the Sub DAC. 

Vqut = Vqut' + Vout" 

= Vbias +1.875 xVbiasx(N A/1024 +Vbias/16x(NB/256)) 

= Vbias X (1 + 1.875 X N A/1024 + N B/4096) 

where N A ranges from -512 to +511 and N B ranges from -128 to 
+127. F igure 28 shows a pictorial view of the transfer function for 
any DAC. 



Configuring the AD780G^AD7809 for Twos Complement Coding 

Figure 24 shows a typical configuration for theAD7805/AD7809. 
T he circuit can be used for either 3.3 V or 5 V operation and uses 
the internal Vdd/2 as the reference for the part and 10-bit paral- 
lel interfacing is used. T he following are the steps required to 
operate the M ain DAC s in this part. 
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A1 



D9 
DO 

MODE 

CS 

WR 

CLR 

LDAC 



REFOUT 



DGND AGND 



DIGITAL INTERFACE 

•USED ON THE AD78Q9 ONLY 

Figure 24. Typical Configuration for AD7805/AD7809 

System Control Register Write: 

MODE =0, address inputs (A2, A1,A0) are don't cares. 

Write 020 Hex Configure part for 10-bit parallel, twos 
complement coding, normal operation 

Channel Control Register Write: 

M OD E = 0, address inputs (A2, Al, AO) select desired channel. 

Write Oil H ex Internal Vdd/2 selected as Vbias for 

DAC, and any DAC data writes that fol- 
low are to the M ain DAC. 

DAC Data Register Write: 

M ODE = 1, address inputs (A2, Al, AO) select desired channel. 

Write XXX Hex With MODE = 1 all data writes are to 
the selected DAC. XXX is the required 
data. 200 H ex will give zero scale and IF F 
Hex will give full scale from the DAC. 
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Table VI and Figure 22 show the analog outputs available for 
the above configuration. T he following Is the procedure re- 
quired If the complete transfer function needs to be offset 
around theVeiAs point. TableVII and Figure 23 show the ana- 
log output variations available from the Sub D AC . 

System Control Register Write: 

MODE =0, address Inputs (A2, Al, AO) are don't cares. 

Write 020 Hex Configure part for 10-blt parallel, twos 
complement coding, normal operation 

Channel Control Register Write: 

MODE =0, addresslnputs(A2, Al, AO) select desired channel. 

Write 091 Hex Internal Vdd/2 selected asVeiAsfor 

DAC, and any DAC data writes that fol- 
low aretotheSub DAC. 

DAC Data Register Write: 

MODE =1, address Inputs (A2, Al, AO) select desired channel. 

Write XX Hex With MODE = 1 all data writes are to 
theselected DACsSub DAC. XX Is the 
required data. 7F H ex will give zero scale 
and 80 H ex will give full scale from the 
Sub DAC. 

Channel Control Register Write: 

MODE =0, address Inputs (A2, Al, AO) select desired channel. 

Write Oil Hex Internal Vdd/2 selected asVeiAsfor 

DAC, and any DAC data writes that fol- 
low are to the M ain DAC. 

DAC Data Register Write: 

M ODE = 1, address Inputs (A2, Al, AO) select desired channel. 

WrIteXXX Hex With MODE = 1 all data writes are to 
theselected M aIn DAC. XXX Is the re- 
quired data. IFF Hex will give zero scale 
and 200 Hex will give full scalefrom the 
DAC. 



OFFSET BINARY CODING 

Table VI 1 1 shows the offset binary transfer function for the M aIn 
DAC. 

Table VIII. Offset Binary CodeTablefor Main DAC 



Digtal Inputs 


Analog Output 


MSB . . . LSB 




1111111111 


Vbias+1.875 X Vbias(1023-512)/1024 


1111111110 


Vbias+1-875 X Vbias(1022-512)/1024 


1000000001 


Vb,as+1-875 xVbias/1024 


1000000000 




0111111111 


Vbas+1-875 xVbias(511-512)/1024 


0000000001 


Vbias+1-875 xVbias(1-512)/1024 


0000000000 


Vbias/16 



NOTE: T he span range is (30/16) x Vqias = 1-875 x Vbias 
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Figure 25. Main DAC Output Voltage vs. DAC Input Codes 
(HEX) for Offset Binary Coding 

F Igure 25 shows the M aIn DAC transfer function when offset 
binary coding Is used. With offset binary coding selected the 
output voltage can be calculated as follows: 

Vout' = Vbias + 1-875 x Vbias x ((N A-512)/1024) 

where NA Isthe decimal equivalent of the offset binary Input 
code. NA ranges from Oto 1023. 

Table IX shows the offset binary transfer function for the Sub 
DAC. Figure 26 shows the Sub DAC transfer function for 
offset binary coding. Any Sub DAC output voltage can be 
expressed as: 

Vout" = Vbias/16 x[(NB-128)/256] 

where NB Is the decimal equivalent of the offset binary Input 
code. N B ranges from to 255. 
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Table IX. Offset Binary Code Table for Sub DAC 



Distal Input 
MSB . . . LSB 


Analog Output 


11111111 


Vbias/16 X 127/256 


11111110 


Vbias/16 X 126/256 


10000001 


Vbias/16 x 1/256 


10000000 





01111111 


-Vbias/16 X 1/256 


00000001 


-Vbias/16 X 127/256 


00000000 


-Vbia5/32 



127 > 
123 



/ 



/ 



'BIAS ^ , 
32 



DAC INPUT CODE 00 01 



Figure 26. Sub DAC Output Voltage vs. DAC Input Codes 
(HEX) for Offset Binary Coding 

C onfiguri ng the AD 7a04/AD7a08 for Offset B i nary C odi ng 

Figure 27 shows a typical configuration for tlieAD7804/AD7808. 
T liis circuit can be used for botli 3.3 V or 5 V operation and 
uses an external AD 589 as the reference for the part and serial 
interfacing with offset binary coding is used. T he M X 1 and 
M X bits in the system control register have to be set to enable 
selection of the AD 589 as the reference. The following are the 
steps required to operate the DAC s in this part. Figures 4 to 7 
show the contents of the registers on the AD 7804/AD 7808. 
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Figure 27. Typical Configuration for AD7804/AD7808 
Using an AD589 1.23 V Reference for the AD7804/AD7808 

System Control Register Serial Write: 

Write 0060 H ex M ode bits select system control register 

and configure system for offset binary cod- 
ing and normal operation. 

Channel Control Register Serial Write: 

Write 4210 H ex M ode bits select channel control register, 
channel A is configured for operation with 
external reference. 

Main DAC Data Register Serial Write: 

Write23FF Hex This 16-bit write selects writing to channel 
A and writes full scale to the Main DAC. 

Sub DAC Data Register Serial Write: 

WriteABFF Hex This 16-bit write selects writing to channel 
A Sub DAC and writes full scale to the 
Sub DAC. 

Table VIII and Figure 25 show the analog outputs available for 
the above configuration when writing to the M ain DAC only 
while Table IX and Figure 26 show the contributions from the 
Sub DAC to the overall transfer function. The total output for a 
single channel when using offset binary coding is the sum of that 
from the M ain DAC and the Sub DAC . 

Vqut = Vqut' + Vqut" 

= V BIAS + 1.875 X V BIAS X ((N A -512)/1024) + Vbias/16 

x[(NB-128)/256] 
= Vbias X (1 -F 1.875 X ((N A-512)/1024) + (N B-128)/ 
4096) 

where N A ranges from to -F1023 and N B ranges from to 
-F255. F igure 28 shows a pictorial view of the transfer function 
for any DAC channel. 
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^ MAIN DAC RANGE ^ 

%2 Vbias % Vbias % Vbias 



X2 Vbias %2 Vbias % Vbias % Vbias % Vbias % Vbias 

^ SUB DAC RANGE^ 

CHANNEL RANGE MIN CODE LOADED TO SUB DAC ^ 

CHANNEL RANGE CENTRE CODE LOADED TO SUB DAC ^ 

I CHANNEL RANGE MAX CODE LOADED TO SUB DAC I 



Figure 28. Pictoriai View of Transfer Function for Any DAC Channei 



Grounding and Layout Techniques 

To obtain optimum performance from the AD7804/AD7805/ 
AD7808/AD7809 care should betal<en with the layout. Causes 
for concern would be feedthrough from the interface bus onto 
the analog circuitry particularly the reference pins and ground 
loops. T he board should be designed such that the analog and 
digital sections are separated as much as possible. Ground plan- 
ing and shielding should be used as much as possible. D igital 
and analog ground planes should only be joined in one place to 
avoid ground loops. T he ideal place to join the ground planes is 
at the analog and digital ground pins of the DAC . Alternatively 
a star ground should be established on the board to which all 
other grounds are returned. Good decoupling is important in 
achieving optimum performance. All supplies, analog or digital, 
should be decoupled with 10 tantalum and 0.1 |iF ceramic 
capacitors to their respective grounds, and should be as close as 
possible to the pins of the device. The main aim of the bypass- 
ing element is to maximize the charge stored in the bypass loop 
while simultaneously minimizing the inductance of this loop. I n- 
ductance in the loop acts as an impedance to high frequency 
transients and results in power supply spil<ing. By l<eeping the 
decoupling as close as possible to the device, the loop area is l<ept 
to a minimum thus reducing the possibility of power supply spil<es. 

OntheAD7805 theREFOUT pin of the device is located next 
to the D B9 of the data bus, to reduce the risk of digital 
feedthrough and noise being coupled from the digital section 
onto the reference, the REFOUT pin and any trace connected 



to it should be shielded with analog ground. T reduce the noise 
on this reference it should be decoupled with a 0.01 p.F capaci- 
tor to analog ground, keeping the capacitor as close as possible 
to the device. T he comp pin which is the output from the inter- 
nal Vdd/2 reference is located nexttoVoujD on the DAC and 
is sensitive to noise pickup and feedthrough from the DAC out- 
put and thus should be shielded with analog ground to keep this 
reference point as quiet as possible. T he comp pin should be de- 
coupled both to AVdd and AG N D with 1-10 nF ceramic ca- 
pacitors. The external REFIN pin should also be shielded with 
analog ground from the digital pins located next to it. 

T he same precautions should be taken with the reference pins 
on the AD 7804/AD 7808 to reduce the risk of noise pickup and 
feedthrough. 

Reference SettI i ng T i me 

With theREFOUT on theAD7804/AD7805/AD7808/AD7809 
decoupled with a 0.01 (xF capacitor to AG N D it takes the 
REFOUT approximately 2 ms to fully settle after taking the de- 
vice out of power down. When this capacitor is reduced to 1 nF 
the settling time reduces to 150 |is. T he size of the capacitor re- 
quired on the REFOUT depends to a large extent on the layout, 
if theREFOUT is well shielded with AGN D the size of the ca- 
pacitor can be reduced thus reducing the settling time for the 
reference. T he internal Vdd/2 reference provided at the comp 
pin when decoupled with a 1 nF capacitor to both AVdd and 
AGND has very fast settling time, typically less than 500 ns. 
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Typical Performance Characteristics- AD7804/AD7805/AD7808/AD7809 
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Figure 29. Sink and Source Current witli Zero Scale 
Loaded to DAC. Vdd =5 V and Vdd =3 V 



Figure 32. Integral Linearity with 5 V Operation 
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Figure 30. Sink and Source Current at Full Scale with 
Vdd=5V 



Figure 33. Integral Linearity with 3 V Operation 



2.850000 



2.830000 



2.750000 



Vdd = 3V 

MAIN DAC = FULL SCALE 
SUB DAC = MID SCALE 

M . . _ - U 10 










Tj = +25°C 

1 

Rl = INFINITY^ 














/Rl = 2 
























SOURCE 


CURRENT 


SINK CUR 


RENT 





1.225 
1.224 
1.223 
1.222 
1.221 
1.220 
1.219 
1.218 
1.217 
1.216 



1 1 

Vdd = 3V 
-RL = 2k£2 IIIOOpF 

CODE CHANGE 
_ 011111 1111 T< 
100000 0000 

Ta = +25=C 


1 














3 


-A 






H 


































































WW 











































































-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 

CURRENT -mA 



20 40 60 80 100 120 140 160 ISO 200 



Figure 31. Sink and Source Current at Full Scale with 
Vdd=3V 



Figure 34. Digital-to-Analog Glitch Impulse 
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MICROPROCESSOR INTERFACING 
AD78O4/AD78OB-ADSP-2101/ADSP-21Q3 Interface 

Figure 35 shows a serial interface between theAD7804/AD7808 
and tlieADSP-2101/ADSP-2103. Tl^eADSP-2101/ADSP- 
2103 sliould beset up to operate in tlie SPORT Transmit Alter- 
nate Framing M ode. The AD SP-2101/ADSP-2103 SPORT is 
programmed through the SPORT control register and should be 
configured as follows: Internal Clock Operation, Active Low 
Framing, 16-bit Word Length. Transmission isinitiated by writ- 
ing a word to theTX register after the SPORT has been en- 
abled. T he data is clocl<ed out on each rising edge of the serial 
clocl<and clocl<ed into theAD7804/AD7808 on the falling edge 
of the SCLK. 
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Figure 35. AD5P-2101/AD5P-2103 Interface 

AD7804/AD7808-68HC U/68L 11 Interface 

Figure 36 shows a serial interface between theAD7804/AD7808 
and the 68H C 11/68L 11 microcontroller. SC K of the 68H C 11/ 
68L11 drives the CLKIN of the AD 7804/AD 7808, while the 
M OS! output drives the serial data line of the D AC . T heFSIN 
signal is derived from a port line (PC 7). T he setup conditions 
for correct operation of this interface are as follows: the 
68H C 11/68L 11 should be configured so that its C PO L bit is a 
and itsC PH A b it is a 1. When data is being transmitted to the 
DAC the FSIN line istal<en low (PC 7). When the68HCll/ 
68L 11 is configured as above, data appearing on the M OSI out- 
put is valid on the falling edge of SC K . Serial data from the 
68HC11/68L11 is transmitted in 8-bit bytes with only eight fall- 
ing clocl< edges occurring in the transmit cycle. D ata is transmit- 
ted MSB first. In order to load data to theAD 7804/AD 7808, 
PC 7 is left low after the first eight bits are transferred and a sec- 
ond serial write operation is performed to the DAC and then 
PC 7 is takenjiigh at the end of this procedure. I n the diagram 
shown LDAC and CLR are also controlled from the bit pro- 
grammable lines of the 68H C 11/68L 11. T he user can bring 
LDAC low after every two bytes have been transmitted to up- 
date that particular DAC which has been programmed or alter- 
natively it is possible to wait until all the input registers have 
been loaded before updating tal<es place. 
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Figure 36. AD7804/AD7808-68HC11/68L11 Interface 

AD7804/AD780B-8X5W1L 51 Interface 

Figure 37 shows a serial interface between the AD 7804/AD 7808 
and the 80C51/80L51 microcontroller. T he setup for the inter- 
face is as follows, TXD of the 80C51/80L 51 drives CLKIN of 
the AD 7804/ AD 780 8 while RXD drives the serial data line of 
the part. T he FSIN signal is again derived from a bit program- 
mable pin on the port in this case port line P3.3 is used. When 
data is to be transmitted to the part, P3.3 is tal<en low. D ata on 
RXD is valid on thefallingedgeof TXD. The80C51/80L51 
transmits data in eight bit bytes thus only eight falling clock 
edges occur in the transmit cycle. To load data to the DAC, 
P3.3 is left low after the first eight bits are transmitted and a 
second write cycle is initiated to transmit the second byte of 
data, P3.3 is taken high following the completion of this cycle. 
T he 80C 51/80L 51 outputs the serial data in a format which has 
the L SB first. T he AD 7804/AD 7808 requires its data with the 
M SB as the first bit received. The 80C51/80L 51 transmi t rou- 
tine shoul d take this into account. In the diagram shown ldac 
and CLR are also controlled from the bit pro gramma ble lines of 
the 80C 51/80L 51 port. T he user can bring LDAC low after 
every two bytes have been transmitted to update that particular 
DAC which has been programmed or alternatively it is possible 
to wait until all the input registers have been loaded before up- 
dating takes place. 
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Figure 37. AD7804/AD7808-80C51/80L51 Interface 
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AD7805/AD7809-ADSP-2101 Interface 

Figure 38 shows a parallel interface between theAD7805/AD7809 
and the ADSP-2101/ADSP-2103 digital signal processor. 

Fast interface timing allows the AD 7805/AD 7809 interface di- 
rectly to the DSP. In this interface an external tinner is used to 
update the DACs. 
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Figure 38. AD7805/AD7809-ADSP-2101/ADSP-2103 
Interface 

Data is loaded to the AD 7805/AD 7809 input register using the 
following instruction: 

DM (DAC) = M RO, 

M RO = ADSP-2101 M RO Register. 

DAC = Decoded DAC Address. 

AD780E^AD7a(»-TMS3202O I nterface 

F igure 39 shows a parallel interface between the AD 7805/AD 7809 
and theTM S32020 processor. 



Again fast interface tinning allows the AD 7805/AD 7809 inter- 
face directly to the processor. Data is loaded to the AD 7805/ 
AD 7809 input latch using the following instruction: 

OUT DAC, D. 

DAC = Decoded DAC Address. 

D = D ata M emory Address. 

Certain applications may require that the updating of the DAC 
latch be controlled by the microprocessor rather than the exter- 
nal timer. One opt ion as shown in theTM S32020 interface is to 
decode the LDAC from the address bus so that a write opera- 
tion to the DAC latch (at a separate address to the input latch) 
updates the output. 

AD780S/AD7809- 8051/8088 Interface 

Figure 40 shows a parallel interface between the AD7805/ 
AD 7809 and the 8051/8088 processors. 
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Figure 40. AD7805/AD7809-8051/8088 Interface 
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Figure 39. AD7805/AD7809-TM 532020 Interface 
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APPLICATIONS 

Opto- Isolated Interface for Process Control Applications 

TheAD7804/AD7808 has a versatile serial three-wire serial in- 
terface nnal<ing it ideal for generating accurate voltages in pro- 
cess control and industrial applications. Due to noise, safety 
requirements, or distance, it may be necessary to isolate the 
AD 7804/AD 7808 from the controller. T his can easily be 
achieved by using opto- isolators which will provide isolation in 
excess of 3 l<V. T he serial loading structure of the AD 7804/ 
AD 7808 makes it ideally suited for use in opto-isolated appli- 
cations. F igure 41 shows an opto-isolated interface to the 
AD 7804/AD 7808 where S PIN, CLKIN and FSIN are driven 
from optocouplers. LDAC is hardwired low to reduce the number 
of interface lines and this ensures that each DAC is updated follow- 
ing the sixteenth serial clocl< of a write cycle. 
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Figure 41. AD7804/AD7808 Opto-isolated Interface 
Dec oding Multiple AD TSOBs 

The FSIN pin on the AD 7808s can be used in applications to 
decode a number of DACs. In this application all DACs in the 
system receive the same serial clocl< and serial data, but only the 
FSIN to one of the DACs will be active at any onetime allowing 
access to eight channels in this thirty-two channel system. T he 
74HC139 is used as a 2- to 4-line decoder to address any of the 
DACs in the system. To prevent timing errors from occurring 
the enable input should be brought to its inactive state while the 
coded address inputs are changing state. F igure 42 shows a sys- 
tem decoding multiple AD7808s in a multichannel system. 
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Figure 42. Decoding Multiple ADVSOSs Using the FSIN Pin 

AD7805 As a Digitally Pro^ammable Window Detector 

A digitally programmable upper/lower limit detector using two 
DACs in the AD 7805 is shown in Figure 43. The upper and 
lowerlimits for the test are loaded to DACsA and B that in 
turn set the limits on the C M P04. If a signal at the V|m input is 
not within the programmed window an LED will indicate the 
fail condition. Only one limit detector is shown below but can 
easily be adapted for a dual channel system by using the extra 
DACs on the AD 7805 and the two unused comparators on the 
CMP04. 
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Figure 43. Digitally Programmable Window Detector 



-24- 



REV. 



AD7804/AD7805/AD7808/AD7809 



LowCost, Two-Channel Mixer Using ADTSOS^ SSi^ZlMand 
OP275 

T he SSM 2164 is a quad voltage controlled amplifier (VC A) 
with 120 dB of gain control range. Each VGA in the pacl<age is 
a current in, current out device with a -33 mV/dB voltage con- 
trol input port. Figure 44 shows a basic application circuit 
which can be used to implement a low cost stereo, two channel 
mixer. A 30 I<12 resistor converts the input voltage to an input 
current for the VGA. T he 500 Q. resistor and 560 pF capacitor 
on the input are added to ensure stable operation of the 
SSM 2164. T he Iqut pin of the SSM 2164 should be maintained 
at virtual ground and thus the OP275 is operated in its inverting 
mode. Its wide bandwidth, high slew rate and low power mal<e it 
ideal for a current to voltage converter. A 30 kn feedbacl< resis- 
tor is chosen to match the input resistor and thus give unity gain 
for a zero volt control voltage input. T he 100 pF capacitors re- 
duce high frequency noise and can be increased to reduce the 
low pass cutoff frequency for further noise reduction. T he 
AD 7805 in the circuit is used to control the attenuation of the 
VGA, this application circuit only gives attenuation. T he voltage 
output from the AD 7805 provides a low impedance drive to the 
SSM 2164 so attenuation can be controlled accurately. With a 
5VVdd and aVeiAsOf VDD/2theAD7805 has an LSBsizeof 
approximately 4.5 mV. T herefore, the attenuation can be con- 
trolled with a resolution of 0.136 dB/bit and thus 750 codes are 
required to provide the full 100 dB of attenuation. 



Dual External Reference Input Capability 

It is possible to operate the AD 7804/AD 7805/AD 7808/AD 7809 
with two externally applied references. F igure 45 shows the con- 
nections for the AD 7804. Referenceone, theAD589, is con- 
nected to the RE F I N pin of the part; the second reference, the 
AD 780, is used to overdrive the internal VD D/2 reference 
which is provided attheGOM P pin of the device. With the cir- 
cuit shown in Figure 45 it is possible to configure two of the 
channels for operation with the AD 780 2.5 V reference and the 
other two with the AD 589 1.23 V reference. T he channel con- 
trol register allows the user to select the reference for the indi- 
vidual channels. 
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Figure 45. Two Externally Applied References 
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Figure 44. Low Cost, Two-Channel Mixer 
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OUTLINE DIMENSIONS 

D imensions shown in inches and (mm) 
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OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Plastic DIP (N-24) 



TQFP (ST-44B) 



PIN 1 



r 




13 






12 




^ ^ ^ ^ ^ 


'o' >n' ^ ^ 




1.275(32.30) 




1.125(28.60) 





0.280(7.11) 
0.240 (6.10) 



0.325 (8.25) 
"*■ 0.300(7.62) "*" 



1.160 (4.06) f 
1.115 (2.92) 



0.070(1.77) SEATING 
0.045(1.15) PLANE 



SOIC (R-24) 



15.6 (0.614) 
15.2(0.593} 



R R R R R R R R R fl R fl 



¥¥¥¥¥¥¥¥¥¥¥1 

0.050 (1.27) 



0.419(10.65) 
0.394(10.00) 





0.472 (12.00) SQ 




0.394 

(10.0) 
SQ 



0.006 (0.15) 
0.002 (0.05) 



0.04134(1.05) 
0.0374 (0.95) 



-.4 k- -.4k- 
0.031 (0.80) 0.018(0.45) 
BSC 0.012 (0.30) 
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